To identify proteins that associate with Sus1 in yeast, the by a yeast genomic DNA fragment (500 nt) located in SUS1 gene was TAP-tagged at its 3Ј end by homologous an intergenic region between the YSA1 and SSN6 genes integration. The Sus1-TAP cells grow normally and ex-( Figure 1A ). Northern analyses using this DNA fragment press a fusion protein of 30 kDa ( Figure 3A ). Sus1-TAP as a probe detected an RNA of ‫023ف‬ nt in both wildwas affinity-purified from a whole-cell lysate by two contype ( Figure 1B Sac3-Thp1 require the nucleoporin Nup1p to dock at To determine whether SUS1 interacts genetically with the nuclear site of the nuclear pore complex, a step that other essential components of the conserved mRNA is crucial for nuclear mRNA export (Fischer et al., 2002). export machinery (SUB2, MEX67), pairwise combinaSince the Sus1-TAP pulldown contains both transcriptions of mutant alleles were made in haploid strains.
tion and export components, we sought to determine This analysis revealed that sus1⌬ is synthetically lethal whether each of these types of components interacts with sub2-85 and mex67-5 mutant alleles ( Figure 1E ). separately with Sus1 or are in the same complex. First, Moreover, we performed a synthetic lethal screen with we determined whether Sus1 is a specific component the sus1⌬ strain to identify additional factors that interof the SAGA complex. Therefore, the SAGA subunits act with SUS1. This analysis identified two sl mutants Ada2 and Taf6 were TAP-purified from yeast expressing that were complemented by DBP5 or NAB2 (data not myc-tagged Sus1 ( Figure 3A, lanes 2 and 3) . This analyshown). Both DBP5 and NAB2 are required for nuclear sis revealed that Sus1-myc together with the other SAGA mRNA export (Hodge et al., 1999; Schmitt et al., 1999 of Sac3 preparations revealed a peptide mass of 1471.81 both locations. To test this possibility, Sus1 was tagged Da that correlates with the mass of the tryptic Sac3 at the C terminus with GFP by chromosomal integration. peptide EVVNSSVISIVKR (amino acids 737-749) carSus1-GFP cells grow normally, indicating that the GFP rying an acetyl group. Masses that correspond to the tag does not impair the Sus1 function ( Figure 6A ). As unmodified peptide or the peptide EVVNSSVISIVK were shown in Figure 6B , Sus1-GFP does indeed have an not detected in these preparations. These findings are intranuclear location with a concentration around the consistent with the possibility that K748 of Sac3 is acetynuclear periphery. The pool of Sus1-GFP at the nuclear lated. periphery appears to be connected to the nuclear pore complexes (NPCs) because Sus1-GFP co-clusters with NPCs in the pore-clustering nup133⌬ mutant ( Figure  Sus1 Is Located Both in the Nucleoplasm 6B). Interestingly, Sus1-GFP is no longer detected at and at the Nuclear Pores the nuclear periphery in sac3⌬ cells, suggesting that The finding that Sus1 is in physical contact with the Sac3 is required for association of Sus1 with the nuclear SAGA complex, which is distributed throughout the nupores ( Figure 6B ). We conclude that Sus1 via Sac3 can cleus, and also with the nuclear pore-associated Sac3-Thp1 complex suggested that Sus1 may be present in associate with the nuclear pores complexes. 
Sus1 Plays a Role in Transcription Regulation
PGK1 mRNA, whose expression is not SAGA dependent, were not reduced in the sus1⌬ and gcn5 mutants ( Figure  As shown above, Sus1 functions in mRNA export. To determine whether Sus1, like other SAGA components, 7A). We also analyzed the levels of PHO84 transcripts in the sac3⌬ and a bona fide mRNA export mutant, plays a role in transcription regulation, we analyzed the expression profile of the ‫0006ف‬ yeast genes by DNA mex67-5 (Segref et al., 1997). However, neither mex67-5 nor sac3⌬ cells exhibit decreased levels of PHO84 macroarrays in the sus1⌬ strain. In a recent genomewide analysis, gene expression was found to be affected mRNAs at permissive and restrictive temperatures (Figure 7A) . Thus, the transcriptional defect observed in in several SAGA mutants (Lee et al., 2000) . Expression of ‫%5.7ف‬ of the genes is altered (416 decreased and sus1⌬ cells appears not to be due to impaired mRNA export. 35 increased) in spt20, 1.8% in gcn5, and 1.5% in spt3 mutants (ChIP database; see http://staffa.wi.mit.edu/ To show that another SAGA-dependent promoter is controlled by Sus1, we analyzed GAL1 transcript levels chipdb/public/index.html). Only a modest overlap is observed between genes that are repressed in several in sus1⌬ cells by Northern. This analysis revealed that GAL1 mRNA levels are decreased in sus1⌬, but not SAGA mutants (Lee et al., 2000; see also Table 1B ). Our genome-wide analysis showed that expression of ‫%9ف‬ in gcn5⌬ cells ( Figure 7A ). The observation that GAL1 transcripts are not decreased in gcn5⌬ cells is consisof yeast genes is altered (341 decreased and 208 increased) in the sus1⌬ strain (Table 1A and Supplemental tent with an earlier report, which showed that the SAGAdependent GAL1 promoter does not require Gcn5 for Table S2 at http://www.cell.com/cgi/content/full/116/1/ 75/DC1). As observed with other SAGA mutants, the activation (Bhaumik and Green, 2001). We conclude that Sus1 plays a direct role in transcription of a subset of overlap of genes whose expression is affected in both sus1⌬ and SAGA mutants is moderate (Table 1B) . Thus, yeast genes. our data show that Sus1, like other SAGA components, is involved in a complex regulation of a subset of Sus1 Is Recruited to the GAL1 Promoter To determine whether Sus1 is physically associated with yeast genes.
To confirm these findings, we analyzed PHO84 tran-SAGA-dependent genes, we carried out chromatin immunoprecipitation (ChIP) assays using a Sus1 mycscript levels in sus1⌬ cells by Northern analyses. DNA macroarray revealed that PHO84 is the most signifitagged strain and the SAGA-dependent GAL1 promoter (Bhaumik and Green, 2001; Larschan and Winston, cantly decreased transcript (‫-05ف‬fold) in sus1⌬ cells (see Supplemental Table S2 on Cell website). Consistent 2001). This analysis revealed that Sus1 is specifically recruited to the GAL1 gene after induction with galacwith these results, Northern analysis shows that PHO84 transcript levels are dramatically reduced in sus1⌬ cells, tose ( Figure 7B, lanes 1-3) . A similar pattern of association with the GAL1 promoter was observed for Ada2-as well as in gcn5⌬ strains ( Figure 7A ). The levels of complex, a large intranuclear assembly that functions in transcription initiation, and with the Sac3-Thp1 complex, which has a nuclear pore location and a role in nuclear mRNA export. Consistent with the biochemical data, Sus1 shows a dual location in the nucleoplasm and at the nuclear pores. Moreover, Sus1 has roles both in transcription regulation and nuclear mRNA export. Thus, Sus1 could function in transcription-coupled mRNA export.
Although we cannot rule out that Sus1 has separate roles in transcription and mRNA export, we favor the model that Sus1 is a bridging factor that recruits the export machinery to active genes or vice versa at the earliest steps of gene expression. Experimental evidence for these possibilities comes from the isolation of a "supercomplex" that contains both SAGA components, Sus1 and Thp1 (Sac3 was not tested). We do not know how and when this supercomplex is formed in the cell. One possibility is that Sus1, which is present in the SAGA complex, recruits the Sac3-Thp1 complex to promoters upon SAGA-dependent gene activation. Subsequently, when the 5Ј end of the pre-mRNA emerges from RNA polymerase II, the Sac3-Thp1-Sus1 complex would be in close proximity to nascent transcripts and thus could bind to them.
A role for Sus1 in transcription-coupled mRNA export could be also envisaged in a different way, in which actively transcribed (e.g., SAGA-regulated) genes are tethered to the nuclear pores via Sus1, which is both a subunit of the SAGA complex and the NPC-associated Sac3-Thp1 complex. We have previously shown that the Sac3-Thp1 complex functions at the nuclear basket in conjuction with Nup1 and Nup60 to recruit the mRNA According to these models discussed above, active Moreover, Sus1-myc is not recruited to the PMA1 gene, genes may be physically tethered to the nuclear pore whose expression is not dependent on the SAGA comcomplex via chromatin bound SAGA complexes, which plex (data not shown). These results, together with the interact with the Sac3-Thp1 complex. This complex DNA macroarray (Table 1 ) and the biochemical data could be bound to the inner site of the nuclear pore (Figures 3 and 4) , indicate that Sus1 functions in trancomplex via the nuclear basket protein Nup1. This tethscription together with the SAGA complex.
ering would ultimately bring nascent transcripts into the vicinity of the NPC-associated mRNA export machinery.
Discussion
In this way, transcription-coupled mRNA export would be established directly at the nuclear pores and thereby In this study, we report the identification of a protein specifically target these transcripts for export. It is conceivable that regulated (e.g., cell cycle) mRNAs or lower Sus1 that is associated with the SAGA histone acetylase Number of genes, whose expression is increased or decreased in the sus1⌬ strain (see Supplemental Table S2 on Cell website) and in several SAGA mutants. Except for sus1⌬, the numbers were obtained from the ChipDB (http://staffa.wi.mit.edu/chipdb/public/index.html).
B

Mutant
Overlapping Genes   spt3ϩgcn5  13  spt3ϩspt20  45  spt20ϩgcn5  26  sus1ϩspt3  9  sus1ϩgcn5  17  sus1ϩspt20  34  spt3ϩspt20ϩgcn5  8  sus1ϩspt20ϩspt3ϩgcn5  3 Overlap between genes, which are commonly repressed in sus1⌬ and several SAGA mutants. Numbers were obtained by using the "compare set of genes" tool from http://staffa.wi.mit.edu/chipdb/public/index.html for spt3, spt20, and gcn5 mutants and comparing them with our sus1⌬ DNA macroarray data (for a detailed list, see Supplemental Table S2 online). 
